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holder  or  any  other  person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use,  or  sell  any  patented 
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ABSTRACT 

% 

The  objective  of  this  study  was  to  identify  package  cushioning 
materials  which  would  provide  the  required  levels  of  protection 
> throughout  the  widest  possible  static  stress  ranges  at  the  least 

possible  cQst. 

The  Package  Design  Program  contained  in  the  AFLC  CREATE  com- 
puter system  was  utilized  to  determine  the  most  cost  effective 
cushioning  materials  for  two  different  methods  of  cushioning; 
complete  encapsulation  and  corner  pad  design. 

The  complete  encapsulation  method  of  cushioning  revealed  that 
polyurethane,  ether  type,  2 lb/ft3  density,  was  the  most  cost 
effective  in  the  fragility  levels  of  30  to  50  Gs.  The  corner 
pad  method  of  cushioning  indicated  that  polystyrene  foam,  1.5 
lb/ft3  density,  was  the  most  cost  effective  for  the  same  fragility 
levels  for  items  weighing  from  25  to  200  lbs. 
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INTRODUCTION 


The  manager  of  a packaging  operation  is  faced  with  a myriad  of 
decisions  about  package  cushioning  materials.  He  is  concerned  with 
the  types  of  materials  commercially  available,  quantity  required, 
storage  space  available,  and  cost  of  the  material.  Because  of  the 
complexity  of  the  considerations  involved  in  material  selection,  the 
Air  Force  Packaging  Evaluation  Agency  (AFPEA)  has  undertaken  studies 
to  simplify  the  packaging  manager's  decision-making  efforts. 

This  study  was  initiated  to  provide  the  packaging  operations 
manager  with  a select  list  of  cushioning  materials  that  will  protect 
the  widest  variety  of  items  at  the  lowest  cost.  The  information  in 
this  report  should  be  useful  to  Air  Logistics  Centers,  Major  Commands, 
and  even  to  base  level  activities. 


OBJECTIVE 

The  objective  of  this  study  was  to  identify  cushioning  materials 
which  provide  required  levels  of  shock  protection  throughout  the 
widest  possible  static  stress  range  at  the  least  possible  cost. 

ANALYSIS 

Two  steps  were  required  to  determine  the  most  cost  effective  and 
versatile  cushioning  materials: 

1)  Determination  of  the  static  stress  range  that  will 
include  most  Air  Force  items  and  also  the  distribution  of  these 
items  through  the  range. 

2)  Determination  by  means  of  a computerized  package  cushion 
design  program  of  the  most  cost  effective  cushioning  materials  that 
will  protect  items  in  the  required  static  stress  range. 

Stress  Range  Determination.  To  determine  an  appropriate 
static  stress  range  for  use  in  this  study,  i.e.,  a range  that  could 
be  expected  to  include  most  of  the  items  in  the  Air  Force  inventory, 
a survey  of  transportation  packaging  orders  (TPO)  was  made.  Seventy 
TPOs  were  selected  at  random  from  the  AFPEA  master  file.  Three  static 


points.  These  data  were  presented  in  the  form  of  a bar  graoh 
(see  graph  1).  The  points  that  fell  within  specific  narrc  r static 
stress  ranges  were  converted  to  p-  >3  for  late)  uat  in  a 

"weighted"  cost  analyst;'. 

Cost  Considerations.  To  select  the  most  cost  effective  ai.d 
versatile  cushioning  materials,  the  total  cost  of  a pack  design 
must  be  considered.  The  dimensions,  weight,  and  fragility  of  the 
item  determines  the  amount  and  consequently  the  cost  of  the  cushion- 
ing protection  from  a specific  drop  height.  The  size  and  cost  of 
the  container  depends  on  item  size  and  amount  of  cushioning  material 
used.  Labor  costs  are  included  for  cutting  and  installing  materials. 
Generally,  transportation  charges  should  also  be  considered  when 
selecting  a cushioning  material;  however,  because  they  will  vary 
considerably  with  the  distance  traveled,  the  mode  of  transport, 
and  item  weight,  it  was  decided  to  exclude  them  for  this  analysis. 
This  was  done  so  that  the  difference  in  the  total  pack  costs,  using 
various  cushioning  materials,  would  be  more  apparent  and  not  ob- 
scured by  other  variable  factors. 

Test  Item  (Mathematical  Model) . The  size  of  the  test  item  used 
for  all  cost  comparisons  was  12"  x 12"  x 12".  The  item  was  con- 
sidered to  be  protected  to  various  fragility  levels  for  a drop 
height  of  30".  The  weight  of  the  item  and  its  fragility  were  the 
only  quantities  varied. 

Package  Design  Program.  Two  design  options  were  used  in  the 
computerized  Package  Design  Program  to  obtain  cost  data.  One  option 
was  for  the  complete  cushioning  encapsulation  and  the  other  was  for 
corner  pad  cushioning  of  an  item. 

Complete  Encapsulation.  Complete  encapsulation  is  one  of 
the  most  commonly  used  methods  of  protecting  an  item.  The  cushion 
pads  are  dimensional  to  fill  all  void  spaces  within  the  pack  between 
the  surface  of  the  item  and  the  inner  surface  of  the  shipping  con- 
tainer. 

The  required  input  information  to  the  computer  is  drop  height, 
item  dimensions,  item  weight,  fragility,  type  of  shipping  container, 
container  material,  transportation  mode  and  transportation  distance. 
The  program  then  outputs  a list  of  materials  that  will  protect  the 
item  and  provides  the  total  cost  of  the  pack  including  transportation 
charges  if  desired.  As  was  mentioned  earlier,  the  transportation 
costs  were  not  used  for  this  analysis.  After  selecting  the  most  cost 
effective  cushioning  materials  identified  for  this  particular  input, 
a new  set  of  data  inputs  (i.e.,  different  item  weights  and/or 
fragilities)  were  used. 


The  most  cost  effectiv  materials  that  will  protect  items  over 
the  widest  static  stress  ranges  at  a given  fragility  level  are 
listed  in  Table  I. 

Corner  Pads.  The  other  option  used  in  the  computer  program 
to  obtain  cost  data  was  corner  pad  cushioning.  This  method  of 
cushioning  utilizes  a reduced  area  technique.  The  cushioning 
material  is  formed  into  corner  pads  which  are  applied  to  each  of 
the  corners  of  an  intermediate  (interior)  container  which  holds 
the  item.  The  intermediate  container  with  corner  pads  is  posi- 
tioned within  an  outer  shipping  case.  The  bearing  area  of  the 
corner  pads  is  adjusted  to  utilize  the  optimum  static  stress  design 
point  for  the  cushioning  material  involved.  The  corner  pad  design 
requires  a lesser  amount  of  material  than  the  complete  encapsula- 
tion method  and,  therefore,  usually  results  in  material  cost  savings. 

The  same  computer  input  data  are  required  as  for  the  complete 
encapsulation  option.  The  program  output  is  a list  of  materials 
in  order  of  cost  effectiveness  which  will  protect  the  item,  the 
total  pack  cost!,  and  the  dimensions  of  the  comer  pads  to  be  used. 
Table  II  shows  the  three  most  cost  effective  cushioning  materials 
and  pack  cost  for  each  item  weight  with  a range  of  fragilities 
from  15  to  50  Gs.  Table  III  shows  more  readily  the  ranking  of  the 
five  most  cost  effective  materials  without  showing  pack  costs. 

Cost  Analysis  (Complete  Encapsulation).  Two  item  stress  (psi) 
distributions  were  considered  in  the  cost  analysis:  1)  a uniform 

distribution  of  items  throughout  the  required  static  stress  range; 

2)  a "weighted"  distribution  of  items  throughout  the  required 
static  stress  range  based  on  the  distribution  illustrated  in  graph 
1. 

Uniform  Static  Stress  Distribution.  In  the  cost  analysis 
based  on  uniform  static  stress  distribution,  an  equal  number  of 
packs  were  assumed  at  each  static  stress  design  point.  For  pro- 
tection at  a specific  fragility  level  the  relative  pack  costs  for 
different  types  of  cushioning  materials  were  then  determined  by 
averaging  the  costs  of  the  packs  at  each  static  stress  value  for 
a given  material.  For  example,  referring  to  material  code  No.  2, 
Table  I,  at  a fragility  level  of  50  G,  the  total  pack  cost  is 
given  at  each  of  seven  static  stress  points.  The  average  of  these 
pack  costs  is  provided  in  the  last  column  of  the  Table.  This 
average  cost  can  be  compared  with  the  cost  of  other  packs  utilizing 
materials  4,  5,  3,  and  6.  In  the  second  column  of  Table  I,  the 
materials  are  ranked  in  the  order  of  descending  cost  effectiveness. 
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Note  that  at  the  40  G fragility  level  the  static  stress  points 
considered  were  reduced  because  the  lowest  stress  ran  ' would 
not  provide  the  required  protection  fo  a Lite  materi.ls  con- 
sidered. Examination  of  Table  1 reveals  that  below  the  fragility 
level  of  25  G there  are  fewer  material  r capable  of  protecting  the 
item. 


Weighted  Static  Stress  Distribution.  It  is  believed  that 
a more  realistic  cost  analysis  would  be  one  based  on  the  "weighted" 
static  stress  distribution  presented  in  graph  1.  Inspection  of 
graph  1 indicates  that  approximately  94%  of  the  TPOs  evaluated 
are  included  in  the  static  stress  range  of  0.04  to  0.5  psi.  The 
materials  considered  in  Table  IV  were  limited  to  the  three  most 
cost  effective  materials  identified  for  each  fragility  level  in 
Table  I.  The  average  pack  costs  specified  in  Table  IV  for  each 
static  stress  range  and  fragility  level  were  "weighted"  by  multi- 
plying the  actual  average  pack  cost  for  the  indicated  static  stress 
range  by  the  percentage  value  specified  in  graph  1 for  the  same 
static  stress  range.  The  weighted  average  pack  cost  for  the  total 
static  stress  range  for  a given  fragility  level  was  obtained  by 
dividing  the  sum  of  the  individual  pack  costs  by  the  sum  of  the 
weighting  factors. 

Fewer  packs  are  considered  in  the  cost  analysis  at  the  lower 
fragility  levels  than  at  the  higher  levels  because  the  static 
stress  ranges  over  which  the  materials  will  provide  the  required 
protection  are  much  narrower  at  the  lower  fragility  levels.  The 
static  stress  ranges  used  for  the  "weighted"  distribution  were 
the  same  as  those  used  for  the  uniform  distribution  for  a given 
fragility  level.  This  allowed  for  a comparison  of  the  average 
pack  costs  using  both  the  "uniform"  and  "weighled"  distribution 
analysis.  For  example,  the  total  weighted  average  pack  cost 
from  Table  IV  for  material  No.  2 in  the  50  G fragility  level  is 
$6.45  compared  to  $8.13  for  the  uniform  distribution  (Table  I). 

RESULTS 

Complete  Encapsulation.  Both  methods  of  cost  analysis  (uniform 
and  weighted  static  stress  distribution)  for  the  complete  encapsu- 
lation method  of  cushioning  indicate  that  polyurethane,  2 lb/ft  , 
ether  (code  no.  2),  is  the  most  economical  and  versatile  material 
for  protection  in  the  30  to  50  G fragility  range  (see  Tables  I & 
TV).  The  1.5  and  2.0  lb/ft^  ester  type  polyurethane  materials  are 
second  and  third,  with  respect  to  cost  effectiveness.  In  the  15 
to  25  G fragility  range,  very  few  materials  will  protect  items, 
and  the  ones  that  do  have  verv  narrow  static  stress  ranges  (see 


Table  I).  Polyurethane,  1.5  lb/ft3,  ether  (code  no.  1),  is  the 
most  cost  effective  in  the  .04  to  0.1  psi  static  stress  range  and 
polyurethane,  2.0  lb/ft3,  ester  (code  no.  5),  in  the  0.1  to  0.5 
psi  static  stress  range. 


To  determine  the  effect  of  item  size,  if  any,  on  the  cost 
analysis  using  the  same  procedure  as  used  for  the  uniform  sta  ic 
stress  distribution  evaluation,  a 6"  x 6"  x 6"  item  size  was  con- 
sidered; the  same  material  ranking  was  obtained  as  with  the  12"  x 
12"  x 12"  item. 


Corner  Pads.  Tables  II  and  III  indicate  that  for  the  corner 
pad  method  of  cushioning,  polystyrene  foam,  1.5  lb/ft J (code  no. 
12),  is  the  most  economical  material  for  item  weights  of  25  to 
200  lbs  with  fragilities  of  30  to  50  G.  From  15  to  25  G fragility, 
polyurethane,  2.0  lb/ft^,  ester,  (code  no.  5),  is  the  most  cost 
effective  material  for  lightweight  items  (25  lbs).  Heavier  items 
can  only  be  protected  to  20  to  25  G minimum. 


CONCLUSIONS 

Polyurethanes  (1.5  and  2.0  lb/ft3  ether  and  2.0  lb/ft3  ester) 
are  the  most  cost  effective  cushioning  materials  over  the  widest 
required  static  stress  range  for  the  required  G levels  of  pro- 
tection using  the  complete  encapsulation  method  of  cushioning. 

Polystyrene  foam,  1.5  lb/ft3,  is  the  most  cost  effective 
material  using  the  corner  pad  method  of  cushioning. 


RECOMMENDATIONS 

Since  most  cushioning  requirements  can  be  met  with  the  follow- 
ing materials,  it  is  recommended  that  the  ALCs  stock  these  cushion- 
ing materials  as  "standard"  inventory: 

1)  Polyurethane,  ether  type,  1.5  and  2.0  lb/ft3. 

2)  Polyurethane,  ester  type,  2.0  lb/ft^. 

3)  Polystyrene  foam,  1.5  lb/ft3. 
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STATIC  STRESS  DISTRIBUTION  OF 


34 . 86 


♦Materials  ranked  by  cost  effectiveness  in  descending  order.  See  Table  III  for 
Material  Code  Identification. 
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-£>The  objective  of  this  study  was  to  identify  package  cushioning  materials 
which  would  provide  the  required  levels  of  protection  throughout  the  widest 
possible  static  stress  ranges  at  the  least  possible  cost. 

The  Package  Design  Program  contained  in  the  AFLC  CREATE  computer  system 
was  utilized  to  determine  the  most  cost  effective  cushioning  materials  for  two 
different  methods  of  cushioning,  complete  encapsulation,  and  corner  pad 
design.  (continued  on  back) 
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ITEM  20.--^ 

— P Th£_complete  encapsulation  method  of  cushioning  revealed  that  polyurethane, 
2 Ib/jty  density,  was  the  most  cost  effective  in  the  fragility  levels  of  30  to 
50  Gs.  The  corner  pad  method  of  cushioning  indicated  that  polystyrene  foam, 

1.5  lb density , was  the  most  cost  effective  for  the  same  fragility  levels 
for  items  weighing  from  25  to  200  lbs. 
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